Arabic dialects are characterized by the occurrence of geminate consonants in word-medial and word-nal position. is article relates the patterning of Arabic geminates to the on-going controversy in phonological theory concerning the representation of geminate consonants. Two views are contrasted: the prosodic length analysis of geminates whereby a geminate is underlyingly a single consonant phoneme linked to two C-slots, and the moraic weight representation where a geminate is underlyingly a single consonant linked to a mora. We speci cally argue that the patterning of geminate consonants in Arabic dialects largely supports the moraic weight representation. Evidence comes from phenomena such as the patterning of word-nal geminates, the behavior of geminates with respect to stress, geminates in loanwords, and geminates in rst language acquisition. We show that each of these phenomena supports the moraic weight representation of geminates.
Introduction
Arabic dialects are characterized by geminate consonants. ese appear in intervocalic and word-nal position. 1 Less common are dialects that allow for geminate consonants in word-initial position. e examples in (1) illustrates geminate consonants in Cairene Arabic where minimal pairs are shown contrasting singleton consonants and their corresponding geminates. e data in (1a-f) illustrate 1. We are not aware of Arabic dialects that lack geminate consonants, including word-nal ones. Even peripheral dialects such as Maltese, Nigerian and Uzbeki Arabic have geminates. e Creole Nubi Arabic of Uganda is reported in Wellens (2005) to have geminates only marginally (and not word-nally) since in that variety most (not all) historical words with geminates have degeminated. Our discussion on geminates does not pertain to creole varieties. We note that while word-nal geminates are common across Arabic dialects, they are unusual in other Semitic languages. contrast in intervocalic position whereas (1g-h) shows the contrast with a nal geminate. Cairene Arabic lacks word-initial geminates.
(1) Geminates in Cairene Arabic (stress is indicated by the acute accent marker) a.
[kásar] 'he broke' b.
[kássar] 'he smashed' c. [ e patterning of geminate consonants has been a somewhat neglected topic in Arabic phonology. While there has been important discussion on the role of geminates with respect to particular issues in speci c dialects, such as Watson's (2002) discussion on geminates in the stress system of San'ani Arabic and Farwaneh's (2009) discussion of a xes triggering gemination in certain dialects, there has been less work that examines the phonology of geminates across a range of phenomena in a variety of dialects. Moreover, there has been little work that specically relates the role of Arabic geminates to the on-going controversy within phonological theory regarding the representation of geminate consonants, where there are two major contrasting views: a prosodic length representation where a phoneme is underlyingly linked to two C-slots (see especially Ringen and Vago 2011) and a weight representation where a geminate is a phoneme that is underlyingly linked to a mora (as in Hayes 1989) . Our primary goal in this article is to examine the phonological patterning of geminate consonants in Arabic dialects and bring the Arabic data to bear on the issue of geminate representation. We will speci cally argue that the patterning of geminate consonants in Arabic largely supports a moraic weight representation of geminates. Evidence will come from geminate patterning in a variety of dialects, but especially from Cairene Arabic, and will be exclusively phonological. We will consider the following: the patterning of word-nal geminates, the behavior of geminates with respect to stress, geminates in loanwords, and geminates in rst language acquisition. We will show that each of these phenomena supports a moraic representation of geminates. Before presenting data showing the phonological patterning of geminates in Arabic, we rst discuss in more detail the di erent representations that have been proposed for geminate consonants.
Background -e phonological representation of geminates
Within current work on phonological theory there is an on-going debate about the representation of geminate consonants. We will focus on two major views: the prosodic length representation and the moraic weight representation. 2 As discussed in Davis (2011) , the prosodic length analysis of geminates goes back to Leben (1980) who posited an autosegmental representation of geminates in which a single phoneme is linked to two C-slots on a skeletal tier that encodes the prosody of the word in terms of C-slots and V-slots. Under this view, a geminate consonant would be represented as in (2a) while a nongeminate would be represented as a phoneme linked to a single C-slot as in (2b). In (3) we show the CV representation of the Arabic word [kassar] 'he smashed' displaying an intervocalic geminate. It should be understood that such a geminate comprises both the coda of the rst syllable and the onset of the second.
(2) Prosodic length analysis of geminates
e prosodic length analysis of geminates has been argued for in such works as Clements and Keyser (1983) , Levin (1985) who uses an X-tier rather than a CV tier, Tranel (1991) , Hume et al. (1997) , and most recently by Ringen and Vago (2011) .
A very di erent view of the representation of geminates is that posited by Hayes (1989) in which geminate consonants are considered to have inherent weight. is weight approach to geminates is couched within the theory of moraic phonology as developed in Hayes (1989) , which characterizes the prosodic tier as being moraic rather than segmental as was shown in (3). Speci cally, in Hayes's theory of moraic phonology, a short vowel is underlyingly monomoraic while a long vowel is bimoraic; a geminate consonant di ers from a short consonant in that a geminate is underlyingly linked to a mora as in (4a) (where µ indicates a mora) whereas a nongeminate as in (4b) lacks a mora underlyingly. In (5) we show 2. A third view that we will not discuss is the two root node theory of geminates advanced by Selkirk (1990) . is theory is more applicable to cases of phonologically derived geminates as in the pronunciation of [ʔi∫∫ams] 'the sun' from underlying /ʔil-∫ams/. Since such phonologically derived geminates are not our focus, we will not be considering the two root node theory. For a composite view of geminate representation see Curtis (2003) . In moraic theory, the formal distinction between a heavy syllable and a light syllable is that a heavy syllable is bimoraic (or greater) whereas a light syllable is monomoraic. Given this distinction, we observe in (5) that the rst syllable is heavy (bimoraic) while the second is light. e diagram in (5) re ects the standard understanding of how intervocalic geminates syllabify in languages that have them: the geminate syllabi es in a way that adds weight to the rst syllable where it is part of the coda, but does not add weight to the second syllable where it is part of the onset. 4 While in Hayes's (1989) version of moraic theory a geminate is underlyingly moraic, the weight of a (nongeminate) coda consonant is language speci c. Such a coda can be made moraic by a rule (or constraint) that requires codas to be 3. As discussed in Davis (2011) , there is an important di erence between the moraic analysis in (5) and the prosodic weight analysis in (3). e prosodic length analysis is typically connected to phonetic duration. So, as seen in (3), even an initial onset consonant has its own C-slot. is contrasts with the moraic analysis shown in (5). A mora can be considered a unit of syllable weight, not necessarily tied to phonetic duration. Since the initial consonant in (5) does not affect syllable weight (e.g. its presence or absence does not in uence weight-sensitive rules such as stress or vowel shortening), then it does not have a mora. Topintzi (2008) points to the Micronesian language Marshalese as a possible rare exception to the observation regarding the syllabi cation of intervocalic geminates where she claims that intervocalic geminates syllabify entirely within the onset. (6) Weight-by-Position (Hayes, 1989) is rule, which adds a mora to a coda consonant, applies in many Arabic dialects, but usually not in word-nal position. e e ect of this rule can be seen in the stress pattern of many dialects where it is common for stress to be attracted to a penultimate syllable that ends in a consonant, as in [ka.táb.ti] 'you (f.) wrote' but not to a nal closed syllable, for example, [ká.tab] 'he wrote' . at is, a word-nal consonant is extrametrical in many dialects. In (7) we show examples of mora structure on di erent syllable types noting that Weight-by-Position has applied in (7c) and that geminates are moraic as in (7e).
4.
(7) Surface syllabi cation with moraic structure With this as background, we will now turn to the phonological evidence from Arabic dialects that supports the moraic weight representation of geminates (4a), as opposed to the length representation in (2a).
Arabic evidence for the moraic representation of geminates
In this section we will present evidence from four di erent phonological phenomena that strongly supports the moraic weight representation of geminate consonants in Arabic: the patterning of word-nal geminates, the behavior of geminates with respect to stress, geminates in loanwords, and geminates in rst language acquisition. For each phenomenon we will compare the length analysis of geminates in (2a) with the moraic weight analysis in (4a). We rst consider the patterning of word-nal geminates. 
Word-nal geminates
Virtually all Arabic dialects are characterized by the occurrence of word-nal geminate consonants. A number of recent studies, such as Al-Tamimi et al. (2010) , show that nal geminates are perceptually distinct from their singleton counterparts. While we will not address speci c phonetic issues regarding Arabic geminates in this article, we do note that word-nal stops in Arabic dialects such as Cairene Arabic tend to be released so that the durational cue of a geminate stop is o en preserved even in word-nal position. With respect to the phonological patterning of geminates, the length analysis in (2a) tacitly assumes that geminates should have a patterning that is similar to a sequence of two consonants since under that analysis a geminate consonant is linked to two C-slots. Crucially, the weight representation in (4a) does not make such an assumption. While in intervocalic environments it would o en be hard to distinguish the two representations since Arabic dialects allow for both geminates and word-medial consonant clusters, there are dialects that have word-nal geminates but lack word-nal clusters. ese dialects are important for distinguishing between the representations in (2a) and (4a) because they show that a geminate can pattern di erently than a consonant cluster. One such dialect is Hadhrami Arabic as spoken in the town of Ghayl Bawazir near the south coast of Yemen (Bamakhramah 2009, personal communication) . Consider the representative data in (8).
(8) Hadhrami Arabic (Bamakhramah 2009, personal communication 
'lighter/lightest' e data items in (8c)-(8d) show that Hadhrami Arabic allows for word-nal geminates. However, as (8a)-(8b) illustrate, lexical items that underlyingly have a nal consonant cluster do not surface with that nal cluster intact; rather, vowel epenthesis breaks up the potential word nal cluster. e examples in (8a)-(8b) are compelling since the nal clusters in these lexical items have falling sonority; such nal clusters are permitted to surface in many other dialects. e vowel that surfaces between the nal two consonants in (8a)-(8b) is indeed epenthetic; evidence for the epenthetic status of this vowel comes from the possessive form given in parentheses in (8a)-(8b) where no vowel occurs between these two consonants, as seen in the example [bint-i] 'my girl' which preserves the underlying consonant cluster. Further, one cannot argue that the underlying forms of the lexical words in (8a)- (8b) Blanc (1964) reports that Muslim and Christian varieties avoid nal consonant clusters, but nal geminates are common as indicated in (9).
[yendázz] 'he will be sent' e occurrence of nal geminates without the occurrence of nal consonant clusters is unexpected given the length representation in (2a). Although languages may restrict nal clusters to those of level (or nonrising) sonority, it is surprising under (2a) for a language to allow for nal geminates without allowing any other clusters. e expectation is for geminates to pattern like other consonant sequences. is expectation does not arise under the moraic weight representation in (4a) in which geminates are not represented as linked to two C-slots. Moreover, as seen by the speci c examples in (8d) and (9d), a nal geminate always attracts word stress to the nal syllable. is is consistent with the weight representation of geminates in (4a) as we will discuss in the following subsection.
Word stress and geminate consonants
Word stress in most Arabic dialects is quantity-sensitive.
at is, stress is attracted onto a heavy syllable, speci cally one with a long vowel or ending in a consonant (as long as it is not at the end of the word). For example, if we focus on syllables ending in a consonant in Cairene Arabic, a CVC syllable in penultimate position will attract stress as seen in (10a) A standard analysis of the Cairene pattern shown here (Hayes 1995, among others) is that a coda consonant is normally moraic unless it is in word-nal position, in which case it is extraprosodic.
For example, the syllables in the word [mu.hán.dis] 'engineer' in (10b) would have the moraic representation shown in (11) where the closed penultimate syllable is bimoraic but the closed nal syllable is monomoraic. What (11) and (12) show is that the rule (or constraint) Weight-by-Position in (6), which normally makes a coda consonant moraic, does not apply to a word-nal consonant. However, a word ending in a nal geminate consonant always receives stress on the nal syllable in Cairene Arabic (and in most other dialects). For example, the word [ʔa.xá ] 'lightest' that we saw in (8d) for Hadhrami Arabic also occurs in Cairene Arabic. In both dialects the word has nal stress. In (13) we show the mora structure of the nal syllable of [ʔa.xá ]. Since we have seen that Weight-by-Position does not apply to a nal consonant, the weight of a word nal geminate can be understood as re ecting its inherent underlying weight as in (4a). is is perhaps clearer in dialects such as Hadhrami (8) and Baghdadi (9) that do not otherwise allow for nal consonant clusters and in which nal CVC syllables do not normally attract stress. e fact that a wordnal geminate attracts stress to the nal syllable in such dialects strongly supports the underlying weight analysis of geminates in (4a) given that consonant clusters are not normally allowed at the end of the word, and that a geminate clearly adds weight to the nal syllable.
San'ani Arabic (Yemen) presents a di erent case in which syllables closed by a geminate (CVG) attract the stress even when other closed syllables (CVC) do not.
is has been speci cally observed by Watson (2002) , though the discussion below is based on Davis (2011) . Consider the data in (14) As seen in (14) word stress normally falls on one of the last three syllables of the word: it falls on a nal CVCC or CVVC if there is one as in (14a-b) ; it falls on the rightmost non nal heavy syllable (CVC or CVV) up to the antepenultimate as in (14c-f); otherwise, stress falls on the le most CV syllable as in (14g-j). e data in general show that the word-nal segment does not play a role in the computation μ μ
x a f (bimoraic, receives stress) (Final) Syllable of weight so that the nal syllable can only be stressed if it is bimoraic, absent the nal segment. e word in (14g) illustrates that a CVC syllable in pre-antepenultimate position fails to attract stress. is suggests that Weight-by-Position (6), which assigns a mora to a coda consonant, is restricted to one of the last three syllables of the word. ( at is, Weight-by-Position does not apply to a pre-antepenultimate syllable.)
Now let us consider the data in (15) (15) and (14) indicates the priority of syllables closed by a geminate (henceforth, CVG) to receive stress (in comparison to other CVC syllables) in that CVG syllables always attract stress even when in pre-antepenultimate position as in (15c). e word in (14g), in contrast, shows that a CVC syllable does not receive stress in pre-antepenultimate position. e di erence between CVG and CVC syllables in San'ani Arabic can be readily understood on the inherent weight analysis of geminates (4a). If a geminate is underlyingly moraic, it contributes weight to the syllable regardless of its location in the word. In contrast, it is not clear under the length analysis of geminates in (2a) why the (pre-antepenultimate) syllable closed by a geminate as in (15c) would pattern di erently than the (pre-antepenultimate) syllable closed by the nongeminate in (14g) since both constitute a nal consonant of a word-internal syllables ending in a C-slot. Weight-byPosition does not apply in (14g) since the initial syllable is in pre-antepenultimate position. Moreover, (15d) shows that a syllable closed by a geminate has priority for stress over other CVC syllables within the same word. Speci cally, in (15d), the (penultimate) CVG syllable has a priority of stress over a nal superheavy syllable and should be compared with (14b) where a penultimate CVC syllable is devoid of such priority. is comparison suggests that Weight-by-Position in San'ani Arabic only applies to words that would not otherwise have bimoraic syllables (CVG or CVV) . at is, there is no necessity for Weight-by-Position to apply in (15d). e priority of syllables closed by a geminate in attracting stress strongly supports the moraic weight analysis of geminates as in (4a).
Geminates in loanwords (Cairene Arabic)
Loanword phonology has been an important focus of research during the past decade. However, there has been very little systematic phonological research on the loanword phonology of Arabic dialects especially as it relates to issues of syllable structure and gemination. Nevertheless, two recent (unpublished) studies highlight the role of syllable augmentation through vowel lengthening and gemination in loanwords, that of Abu-Guba (2011) for Jordanian Arabic and Reynolds (2011) for Cairene Arabic. Our focus will be on Cairene Arabic. In particular, we will consider loanwords in which the source word has stress on the nal syllable. Such words o en induce gemination of the nal consonant when borrowed into Cairene. Our claim, then, is that this is consistent with the moraic representation of geminate consonants. We divide our loanword data into three groups. e rst group in (16) comprises English monosyllabic words ending in a consonant cluster; the second group in (17a-e) consists of monosyllabic English words ending in a single consonant, and the third group in (18) contains French loanwords with nal stress. Some of the data here have been discussed by Reynolds (2011) . (16 In the words in (16), (17a-e), and (18) the monosyllabic word or the nal syllable needs to have a stress when borrowed into Cairene Arabic since these words keep their source stress on the nal syllable when borrowed. In order to t into the Cairene Arabic stress pattern, a stressed nal syllable must be bimoraic. While in (16) the nal borrowed syllable is already bimoraic since it is CVCC (exactly like the structure shown in (12)), the nal syllable of the loanwords in (17a-e) and (18) need to acquire a second mora in order to preserve the source language stress. e preference shown in (17a-e) and (18) is that when the source vowel of the nal (C) CVC syllable is short, the second mora comes about through gemination of the nal consonant. us, the nal consonant of all the words in (17a-e) and (18) geminates so that the nal syllable can be bimoraic. If the nal consonant were not to geminate then the nal syllable would be monomoraic (CVC), given that a word nal (nongeminate) consonant does not add weight to the syllable; such a syllable is unstressable in Cairene Arabic. e data items in (17f-g) show that when a loanword has a nal closed syllable (CVC) but where source stress is on a prior syllable, no nal gemination occurs. at is, nal gemination does not occur if the source word lacks nal stress as shown by the examples in (17f-g). e strategy of nal gemination for adding weight to the syllable is very consistent with a weight representation of geminates, as seen in (4a). While one could view this strategy as adding an extra C-slot to the end of the word in examples (17a-e) and (18) under the length analysis of geminates in (2a), this would still need to reference a weight representation of the nal consonant so as to distinguish these loanwords from (17f-g) where nal gemination does not occur. e loanword data is consistent with the moraic representation of geminates.
L1 acquisition of nal clusters in Cairene Arabic
Further support for the moraic weight representation of geminates comes from rst language acquisition data originally reported in the work of Ragheb (2010) and discussed by Ragheb and Davis (2010) . ese works provide an account of the acquisition of Cairene Arabic nal consonant clusters by a child referred to as MG who was growing up in a monolingual setting in Cairo. Data were gathered from him at the age of 2 years 8 months over a one-month period, using pictures eliciting responses from a pre-designed word list (focused on consonant clusters) and from spontaneous speech. As far as we are aware, this was the rst study that examined the acquisition of nal consonant clusters for any Arabic dialect. A main nding is that if a nal cluster is not pronounced target appropriately, then it will be pronounced as a geminate consonant. Consider the data in (19) from Ragheb and Davis (2010) From the data in (19) we can observe that MG employs a consistent strategy in words that end in a nal cluster with all types of sonority pro les. As seen in (19a-h) he typically geminates the nal consonant of the cluster, deleting the rst one. However, if a pharyngeal consonant is a nal member of the consonant cluster as in (19j-k), the rst of the two consonants geminates. Note at this stage, as shown in (19i) (/nus s /), MG correctly produces target word-nal geminates (i.e., MG has already acquired geminate consonants). Geminates are acquired by MG early in the acquisition process, though it should be noted that MG did not have geminate pharyngeals when the data were collected. In Ragheb and Davis (2010) we discussed why the child geminates in a nal cluster, rather than, for example, deleting one of the consonants without gemination, which commonly happens in the acquisition of English word nal clusters. We concluded that by gemination, MG is able to preserve the prosodic structure (i.e., mora structure) of the target word without having to pronounce two adjacent consonants that have two di erent articulations. is is exempli ed in (20). (20) e strategy of word-nal consonant gemination seen with MG can be understood as a means of preserving the prosodic moraic structure of the bimoraic nal syllable in words that end in two consonants without the need for making two distinct consonantal gestures. While one could give an account of nal gemination in terms of the two C-slot analysis of geminates as in (2a), the moraic representation of geminates in (4a) more directly captures the preservation of phonological weight between the target pronunciation and MG's actual pronunciation as shown in (20) . Also, it is worth pointing out that gemination as a strategy in L1 acquisition for the pronunciation of nal clusters has not been witnessed in languages such as English where children o en delete consonants or insert vowels in nal clusters (cf. McLeod et al. 2002) or even in a language like Turkish where a consonant in a nal cluster will be deleted with subsequent compensatory lengthening in the preceding vowel (cf. Topbas and Kopkalli-Yavuz 2008) . However, given that Arabic has nal geminates that clearly add weight to the syllable, gemination as a replacement for nal clusters in Arabic child phonology is not surprising.
Conclusion and remaining problems
In this paper we have shown that there is strong evidence for the moraic weight representation of Arabic geminates. We believe that each type of evidence presented in Section 3 that included data from the patterning of word-nal geminates, stress, loanwords, and acquisition is most consistent with this representation (4a) and more problematic for the length representation of geminates in (2a). Moreover, when all the evidence is taken together they converge on an analysis in which geminate consonants have a moraic weight representation. Nonetheless, there are at least two potentially problematic issues for the moraic representation of geminates that come up in certain dialects. One issue concerns potential cases where geminates syllabify entirely within a word-internal coda and the other issue is the neglected topic of the phonological patterning of word-initial geminates in dialects that have them.
With respect to the rst issue, the Palestinian Arabic dialect described by Abu Salim (1980) and mentioned in Rose (2000) is said to distinguish a singleton coda in /bitna/ and the geminate in /sittna/, but a phonetic study would need to be undertaken. It should be noted that in many dialects this situation of a possible geminate/singleton contrast entirely within a coda does not arise. In Cairene Arabic, for example, underlying /sittna/ would surface as [sit.ti.na] with vowel epenthesis so that a word-internal geminate entirely within a coda is not permitted. A more interesting problem for the nature of geminate representation in Arabic concerns dialects with initial geminates such as Moroccan Arabic and various Gulf and Levantine varieties. As far as we are aware, the weight properties of initial geminates have not been systematically explored in Arabic dialects (though see Muller (2001) for initial work on Moroccan Arabic). Our sense is that in dialects with initial geminates, stress is not attracted onto a syllable containing them. Kiparsky (2003) , however, represents Arabic initial geminates as having an unsyllabi ed mora where the mora links to the word node (not the syllable node). Under Kiparsky's view, an initial geminate would add an extra mora to the word but not to the syllable. is would perhaps predict that initial geminates would not attract stress, but could play a role in certain other weight-sensitive processes such as a bimoraic minimal word requirement. Further, it should be noted that dialects that allow for initial geminates usually also allow for initial consonant clusters of all types. Such initial consonant clusters do not seem to add weight to the syllable either because they do not typically attract stress. Since all dialects have nal geminates that are weight bearing, we suspect that in those dialects that have initial geminates, there is an asymmetry in that nal geminates are underlyingly moraic while initial geminates are not. Further, we do not seem to nd dialects that are, in a sense, the opposite of what is attested in (8) and (9) for Hadhrami and Baghdadi Arabic, namely a dialect with initial geminates but with no other initial consonant clusters. e lack of such dialects suggests that the nature of initial geminates is quite di erent (and distinct) from that of nal geminates, perhaps re ecting di erent historical origins of initial versus nal geminates. Initial geminates are almost always heteromorphemic derived phonologically by assimilation, and thus may have a di erent (i.e. nonmoraic) representation. We leave for future research issues regarding initial geminates, their phonological patterning, and their implications for geminate representation in Arabic dialects.
